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Abstract 



Phase behavior, surface activity, and cleaning performance of biodegradable anionic and nonionic 
surfactant derivatives of long"€hBin alcohols have befen sUjdted. A tailored hydrophobe structure, 
which can be obtained through selective skeletaHsomerization of linear olefins followed by 
hydroformytation, provider enhanced cold-water solubBHy and improved water hardness tolerance as 
compared to conventional predominantly linear alcohol sulfates of camparabte miolecular weight The 
impact of the structure on ethoxylated nonionic surfactant properties is less pronounced, although 
differences ih physical properties such as pour point and gel fbnnation are noted when compared to 
linear alcohol ethoxylates. Results of radiotracer detergency studies performed in a Terg-O-Tometer 
confirm the positiVB attributes of the high-solubility surfactants. This class of surfactant may permit 
advances in tfie consumer laundry process viewed from a ftjil lifecycle perspecth/e by enabling high 
cleaning perfonnance under conditions favoring an improved environmental profile. 



Resume 



Le comporfement de phases, racttvite da surface et )e pouvoir nettoyant des derwfe tensioactifs 
anionfques et non ioniques ont fait robjet d'une etude, Une structure hydrophobe specialemsnt 
adaptte. qui peut eke obtenue par nnternr^ediairB de l'isom§risation squeiettique des ol6fines lineaires, 
suivie de Phydrofbrmylation, foumit une plus grande solubility par temps froid et une meilleure tolerance 
de !a duretfe de Teau, par rapport aux sulfates d'aicod conventionnels prindpalement lineaires dont le 
poids moleoulaire est comparable, L'impact de ta structure sur les proptia^s des agents tensioactifs 
non ioniques 6thoxyl^s est mains marquS, bien que des differences solent observ6es dans les 
proprlStfe physiques, teiies que le point d'ecoulement et la fomialion de gel, par rapport aux ethoxylals 
d^alcool iinealra. Les r^ultats des etudes de d&tergenoe au hraceur radloactif effectu^as dans un 
Terg-O-Tometer^ conRmnent les attrifauts poslttfs des agents tensioactifs de haute solubility, Cette 
classe d'agents tensioaclife pourrait pemiettre de faire des progres au niveau du processus de 
blanchissage de cansommation, si on le considere du point de vue rfun cycle de vie complet, sous des 
conditions qui favorisent un meilleur profit environnemental, 

Zusammenfassung 

Es vwjrden Phasenverhalten, GrenrflachenaktivitSt und Reinlgungsleistung biologisch zetsetzbarer 
anionlscher und nichtionisierender Tensidderivate untersucht^ Etna genBU abgestimmte 
wasserabweisende Struktur, die durch eine besonders gewahlte SkeietWsomerisierung linearer Olefins 
und einer nachfolgenden Hydrofomiylierung geblldet wurde, bietet eine erhfihte KaltwasseriSsHchKeit und 
bessere Wasserh§rtetoleranz als herk6mmliohe und meistens lineare /^koholsulfate eines 
vergleichbaren Molekulargewichts, Der ' Stnjktureinflu& auf die Bgenschaften ethoxylierter 
nichOonisierender Tenside ist weniger ausgepragt^ obwohl Unterschiede in den physikaiischen 
Eigenschaften wie Pourpoint und Gelbiidung im Vergleich mil iinearen Aikoholethoxyiaten zum Vorschein 
kommen. Mlt den Ergebnlssen von Radionuklid-Untersuchungen in einem Torg-O-Tometer wurden die 
positiven MerKmale der Tenside mlt hoher Lfislichkeit bestatlgt, Aus der Sicht einer VolHebenskreislauf^ 
Perspektfve unter Bedtngungen. die eln verbessertes Umweltsproni begOnstigen, kann diese 
Tensidgruppe zu einem Fortschriti des Verbraucher-Waschereiprozesses fuhren. 
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INTRODUCTION 



?f o«tal„ syndetic l<o^o:..^SSTS^Z^S^^lV^'S^^'^ 
Wsrest to document the effed of soecfflc h,;S. f^'- " ™= "Mously of 

sulb,^,. Add»lo„a»y. »*m ™nrS;SoS^"^Ji^tTphS"cr 1?^ 

laboratory cleaning evaluatbns conducted. =*yninesized. and physical chefnistry and 

»mpounU and .T.V^rJ^caTJhrwiSS'rd^JS^?^^^ ? = ""^ 
lowerwash temperatures. "Kewise modified to nelieol current practice Siduding 

EXPERIMENTAL 

General Methods fcr Synthesis: As depicted h l=,gure ,. a varied, of aloohoie wa^ synthesis by 



MabnJc est^r Synthosrs of ^ranci^ AiDOtipls 

^ ^ I 



infrod.cing random mono-rT,e°h?trSVgZ^^^^ ?! "^""^"^ ^^^"^^^ 

alcohols were converted to atr^hn t rt^f „ ' ^® alcohols wem > 97% dufb. All 

CISO^HtblloweTb^tllJkS^^^ ^^'^ ^^'^'"9 the published procSure wTh 



F!sura£ 

Random Methyl Alcohol Synthesis 



KraffE Temperatures of Alcohol Sulffates: Aqueous 1% surfactant solutions were frozen, and the 
soiiitions were allowed to slowly warm. The reported Kram temperature Is the temperature where the 
solution was fully transparent. 

Celcium Tolerance: Aqueous $ur{aclant solutions were made at a concentration of Om% weight, and 
adjusted to a pH of approximately 9 wifli 1% NaOH, The surfactant solutions were warmed to 40 
Aliquots of 10% CaCij were added, and the surfectant which remained dissolved in the upper (clear) 
layer was determined wa the two phase titration method (7). The reported caidum tolerence is amount 
of GaClj which must be added to precipitate 50% of the anionic surtactant. 

The random mono-methyl C-1B.17 alcohol was ethoxylsted with an average of nine ethylene oxide 
groups using standard KOH ethoxylation. For comparison, a nlne-EO ethoxylate with a linear 0^16 
hydrophobe was prepared by blending ethoxyiates obtained from Uniqema- Also studied were the 
seA^n-EO efrioxylates obtained through standard ethoxylation of the linear and branched fractions of a 
predominately linear C-14,15 alcohol. 

The cloud point and Krafft temperature of 1% aqueous alcohol ethoxylate solutions were measured in 
deionized water using dipping probe tu^idlmetry (0,9), Solutions were first chilled overnight in a 
fmszer at -5^C. The sotuiions were then heated at a rate of about 1*C/minute in a jacketed beaker 
With agrlatjon provided by a Glas™Cot<g) non^aerating stirrer at 3000 rpm„ Turbidity was determined by 
measuring the light transmitlance through the solution at 650 nm. ^ TTie first temperature where 
complete clearing of the solution occurred was taken as the Krafft temperature while the higher 
temperature at which turbtdrty reappeared due to formation of a dispersed phase was taken a$.the 
cloud point 

Solution Time Method: The solution times of the neat ethoxyiates were measured by injecting 0.20 cc 
of liquid surfactant into 50 cc deionized water in a flat bottom pour point tube (Coming No, 6900). The 
water was stirred at 500 rpm with a 1.5 cm x 0,5 cm magnebc stining bar. The times for complete 
surfactant dissolution were measured at 25^0 with the temperatare of the sample being conlrailed by 
placing the pour point tube in a thermostaticalty-controlled water bath. Measurements were performed 
in duplicate and averaged. 

Alcohol Ethoxylate Pour Points: Pour points for the commercial C-14,15 samples were obtained using 
method ASTM D97-85 with an automatic pour point apparatus. Visual deterniination of pour points 
was made for the other samples by observing their now behavior as 50 cc were slowly warmed in a 
water bath. 

Surface Tension: Equilibrium surfece tension as a function of surfactant concentration was measured 
at 25"C using an automated Lauda tensiometer. This instrument doses fixed increments of stock 
solution into 100 cc of deionized water that is contained in a thermostatically-^iontrolled beaker. 
EquiJtbrlum suriaca tension is measured automatically using the Du Nuoy ring method. From Ihe 
surface tension-concentration piols, critical micelle concentration was determined by standard 
procedures (10), 

Detergency; Multisebum soil removal was determrned using the published laboratory radiotracer 
detergency procedure (11,12). All alcohol sulfates were evakrated in the following prototype 
formulation; 0^ g/L anionic, 0.34 g/L zeolite, and 0,2 g/I of Na^COa- 

Biodegradat3on: A laboratory estimation of biodegradation was conducted by an adaptation of the CO. 
evolution method of Stumn (13) 



DISCUSSION 



* BiDdegnadafion 

A screening study of biodegradaKon was used to compare a variety of alcohol sulfates. As depicrfed in 
Figure 3, only a surfadant synthesized to contain a quaternary carbon atom failed to evolve C02 at a 
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rapid rata. A variety of 2-alkyI farancJies or a random mono-methyl substiluent all preformed equally 
weJI in this screen . This resuit was at least im part predtcted by the pr^vtous work from Shell (2)„ 

• Surfectant Pnsperties of 2-AlkyI Alcohol Sulfates 

Displayed in Figure 4 are ttie Krafft temperatures of branched G*16 alcatiol sulfates. With thjs series of 
alcohol sulfates, the mmimum in KrafR temperature ooours the attachrront of a 2-butyI group. The 
alt linear hexadecanol sulfete has a Krafft temperature of 45 ^ (14)^ 

Figure 4 

Kraffi Temperature of C1 6; 2-Alkyl 
Branched Alc»hol Sulfates 
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The caldum tolerance of thi$ series of C-1S alcohol sulfates is depicted \n Figure 5. The methyl and 
ethyl derivatives are approximately equal, while either bulyt or hexyl introduce the greatest solubility. 



Calcium Tolerance of C16; 2*AIkyl 
Alcohol Sulfates 
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• DetergencT/ Evaluation of Z-AlKyI Alcohol Sulfsles 

In 1969 GSStte and Schwuger (3) reported the reflectance detergency of branched C-16 alcohol sulfetes 
at 4o.^C. It was noted that ttie 2-methyl branched alcohol sulfate gave the highest level of cleaning. 
With the availability of a broader selection of chain lengths, the generality of this observation has been 
investigated^ 

In this present work. C-1S alcohol sulfates were evaluated at 10 by an alternative radiotracer 



Multisebum Detergency of C16 Alcohal 
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method, see Figure 6. Despite having the highest Krafit temperature and the Idwest calcium tolerance, 
the 2-m8thy[ derivative is the best performer, as observed by Gdtte and Schv/uger (3).. it is remarkable 
that tiie pattem was the same^ since the temperature, soil, builder, and fonmulation are all different. 
This excellent activity is probably the result of greater surface activity of the 2-methyt surfactant. 
However, it Is likely that the surfactant did not fully dissolve at the detergency conditions used here.. 

Additionaliy. a variety of total chain lengths, all with 2-methyl branches were evaluated, Figure 7, 
Performance is optlmteed for the C-16 total chain lengfi, at the low temperature cleaning conditions 
utilized. It is presumed lhat the 0-12 derivative has a relatively^ high ^^^r and thus more surfactant 
would have been required™ The C*15 material was poorly soluble, and therefore little-surfactant was 
available at the conditions of this evaluation. 

These surface chemistry and cleaning studies suggested that the length of the branch was an 
important variable in hydrophobe optimisation- Exploratory chemistry yielded a vmy to synthesize 
alcohols with nearly exclusively methyl substituents (5). 



Detergency Performance of 2-Methyl 
Branched Alcohol Sulfaf es 
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Surfsctant Properties of Random Methyl Alcohol Sutfetes 



Shovm in Figures S and 9 are surfaetgotprope rlit^ d T w^tfeo^g^rfaon content for the random 
methyl branched alcoho! suifiaJgSf--ecCBiient c?Dld water solubility is exRiBttedL^ all three RM samples 
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compared to pure 2-Me T^16-aI^ioIsLilfate whlchisji^Li^''"^^ at 1% concentration until 
heated to 36°C„ Also, as shown in RgurS 9» theT^andoSTTneilyJ systems exhibit much higher calcium 
tolerance than the 2-Me C16 alcoho) sulfete. 



Caldum tolerance of RM Branched 
Alcaha! Sulfates 
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Crttical miceiie concentration values in deionized water for the RM sulfates at 25^C are compared in 
Figure 10 to values for a predominantiy iinear C1415 aJcoho! sulfate and C12 LAs/ As expected, the 
RM alcohol sulfates havrng a high molecular weight exhibit quite low cmo's, indicative of low dosing 
requijBments in !aundry processes. Nevertheless, their Krafft temperatures are much lower than that 
for the commerctai C1 41 5 linear alcohol sulfate (37°C). and their calcium tolerance is much higher than 



those for the C 141 5 sulfate and C12LAS, which are 40 ppm and 14D ppm, respectively, AH three 



Critical Micelle Concentration of RM 
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factors, low Kraffl temperature, high calcium tolerance, and low cmc, are positive attributes of the 
random methyl alcohol sutfetes which should contribute to excellent detergent properties, particularty in 
underbuilt systems at low washing temperatures. 

» Detergency Evaluation of feindom Methyl Aicohol Sulfates 

if* 

Three different random-methyl alOQho! sulfates were compared to a linear 014,15 alcohol sulfate, 
Figune 11. Each of the randomly substituted alcohol sulfates was supenor to the comparispn 
surfeotanL 
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Random Methyl and 2-Alkyt Ethoxylates 

Shown !n Table 1 are the results for the tested ethoxylates, For a given average hydrophobe weight, 
the presence of branching resulted in modest reductions in pour point and an increase in crftical 
micelle concentration. Interestingly, a Krafft temperature phenomenon was noted in the linear systems 
which is atypical for nonionic surfactant systems. These systems exhibit decreased solubility both at 
low temperatures due to ciystalllnity and at high temperatures where EO dehydration results In phase 
separation above ttie doud point tempenature. in contrast, no crystallization occun-ed at 1% 
concentration for the branched analogues, Le„, the Krafft temperatures for these systems were below 
zero. The lower solubility h cold water exhibited by the linear etho>cylates also contributes to the much 
slower rates of dissolution obsen/ed for these systems st 25''C as compared to the respective 
branched ethoxylates. 



Physical and Solution Properties of Branched 
and Linear Alcohol Ethoxylates 
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CONCLUSfOMS 



S;rnS.^S^^^^ ^-^M .icohol .urate, have .e.n 

and the surfeGtante fafodegradTrSy temperature; improves the calcium tolemnoe. 

Additionally: 

• labMatcwy synthesis methods have b^on * 

whi* r^dBy converted to ilSstSslJS^Sr^"'" ™ ™"'^™"* 

* ^X^^^" ^ .ul*. dean ^ 
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